In this paper we outline different theoretical approaches, namely outcome vulnerability, contextual vulnerability, and resilience, for addressing climate change effects in the context of water, sanitation, and hygiene (WASH) services. We analysed how these three approaches were employed in the WASH-climate change nexus literature, and discuss the implications for WASH research, policy, and development work. Our analysis of 33 scholarly WASH-climate change nexus papers found that they implicitly drew most frequently on an outcome vulnerability approach that tended to focus on the impact of projected climate change hazards on physical aspects of WASH service delivery. Each individual approach has limitations due to their disciplinary and epistemological foundations and the WASH sector in particular must be mindful of who stands to benefit most and what values will be upheld when these approaches are used. We argue that in most cases it will be beneficial to draw on all approaches and describe challenges and opportunities for integrating different perspectives on preparing for climate change within the WASH sector.
INTRODUCTION
Climate change has already impacted natural and human systems on all continents of the world and will continue to for the foreseeable future (IPCC a). With respect to water, sanitation, and hygiene (WASH) services, climate change has significant potential to exacerbate water stress and insecurity, increase incidences of water-transmitted infectious diseases, slow or reverse progress of improved WASH coverage, exacerbate inequalities, and undermine achievement of related Sustainable Development Goal (SDG) targets and human rights (Howard et al. ; Braks & de Roda Husman ; Hutton & Chase ; OHCHR n.d.) . To this end, the WASH sector is increasingly giving attention to reducing the vulnerability or enhancing the resilience of WASH services to climate change in research, policy, and development work.
The purpose of this paper is to critically review the theoretical approaches underpinning existing scholarly WASH literature that focuses on impacts of and adaptations to climate change, and to contribute much needed discussion on conceptualisations of climate change vulnerability and resilience in the context of WASH. The WASH sector has not yet adequately addressed how it should, on a normative level, deal with the threat of climate change. Whether consciously considered or not, all recommended and enacted adaptation actions are based on assumptions which must be examined to fully appreciate their consequences. Further, the general climate change resilience and vulnerability literature offers substantial theoretical discussion and practical experiences that could usefully inform the WASH sector. We seek to fill these gaps by starting a discussion on the implications of how the WASH sector conceptualises how climate change affects WASH services. We also make propositions, drawing on lessons from the general climate change literature, about how the WASH sector should proceed.
The body of this paper is structured into three main sections. The first section provides an overview of prominent theories of vulnerability and resilience as conceptualised in the general climate and global environmental change literature. The second section reviews scholarly WASH literature that has a climate change focus and categorises the papers by their theoretical approach. In the third section we discuss the implications of differing interpretations of key climate change concepts for the WASH sector and argue that there is a need for improved conceptual awareness in the sector.
CLIMATE CHANGE VULNERABILITY AND RESILIENCE
Vulnerability and resilience have emerged as central concepts in the climate and wider global environmental change literature ( Janssen & Ostrom ) . Within the following sub-sections, we present a high-level overview of key vulnerability and resilience theories and concepts. It is noteworthy that, in practice, approaches often draw on multiple theories simultaneously as currently recommended by the Intergovernmental Panel on Climate Change (IPCC) (IPCC a), but we present them here discretely for simplicity. Conceptualisations of vulnerability and resilience go by varying names in the literature, and may be categorised differently, but the terminology and approaches we describe here are largely consistent with the latest thinking on responding to climate change (IPCC a, b). It is not within the scope of this paper to give a comprehensive and detailed review of vulnerability and resilience theories and their histories. For more detailed reviews, we refer readers to 
Outcome vulnerability
An early conceptualisation of climate change vulnerability focuses on an evaluation of climate impacts on society and nature, and how these impacts could be offset by adaptation actions (Füssel & Klein ) . This conceptualisation may be referred to as 'outcome vulnerability' (O'Brien et al. ) . When viewed this way, vulnerability is a function of a system's (e.g. a human, environmental, or coupled human-environmental system of any size at any scale) exposure and sensitivity to future hazards (Wolf et al. ) . Exposure may be defined in general as 'the degree, duration, and/or extent in which a system is in contact with, or subject to, a perturbation' while sensitivity is 'the degree to which a system is modified or affected by perturbations' (Adger ; Gallopín ).
This approach to determining vulnerability starts by formulating future climate scenarios, typically through models that predict changes in the global climate and subsequent impacts. More specifically, a series of hierarchical models, beginning with predictions of world development and greenhouse gas emissions trends which lead to development of global and regional climate models, and finally impact models, are used to determine the exposure and sensitivity of primarily physical systems (e.g. water resources, infrastructure) to future climatic hazards across spatial and temporal scales (Dessai et al. ) . Climate models, which predict a system's future exposure to hazards such as a decrease in rainfall or sea level rise, are often based on highly sophisticated simulations. Impact models, which determine a system's future sensitivity, can range from complex, large-scale models to simpler dose-response functions (observing the change in effect on a system as levels of exposure to a hazard change) based on past and present experiences and understanding of system behaviour at local scales.
A final optional step to an outcome vulnerability analysis is to consider adaptations to reduce the risk or impact of possible hazards. These adaptations are designed to offset the expected future exposure or sensitivity of the system to specific hazards and, in practice, often centre on the identification and implementation of technologies (O'Brien et al.
;
Tschakert & Dietrich ). The practice of designing technologies or infrastructure to resist climatic hazards is sometimes called 'climate-proofing'. A suite of possible adaptation options may be considered and are commonly ranked using cost-benefit, cost effectiveness, or multiple criteria analyses (Smit & Wandel ) , although there is increasing awareness that social and environmental impacts also must be taken into account.
Contextual vulnerability
In the late 1990s, often in response to risk/hazard analyses, more attention started to be given toward the non-climatic drivers that caused certain social groups to be more susceptible to harm from climate change than others (Eakin & Luers ; Füssel & Klein ) . This led to the conceptu-
This conceptualisation views vulnerability as an inability to cope with external pressures and changes in general is that an outcome approach tends to focus on the capacity to adapt to identified risks, whereas a contextual approach focuses on the capacity to adapt to uncertainty in general.
Resilience
The resilience perspective emerged from the field of ecology in the 1960s and 1970s and has evolved to take on different meanings (Folke ) . One conceptualisation has been termed 'engineering resilience' and may be measured in terms of resistance to disturbance and speed of return to equilibrium after being displaced (Holling ) . It is important to note that resistance, measured by the amount of force or pressure needed to displace or disturb an entity by a given amount, is considered to be an attribute of resilience rather than synonymous with it (Carpenter et al. ) . The idea of linked scales points to the fact that complex systems are often influenced by other systems that they are nested within or encompass at larger or smaller spatial scales, and have a dynamic, long-term temporal dimension (Adger et al. ) . Importantly, this idea highlights the concern of maladaptation -the potential for adaptation actions to negatively affect the target group in the future or harm people or places linked at other spatial scales (IPCC a).
Reviews of the resilience literature have identified a number of system properties that influence levels of SES resilience. These include diversity, redundancy, connectivity, openness, feedbacks, and slow-changing variables A summary of the key features of these three perspectives is shown in Table 2 below.
WASH AND CLIMATE CHANGE LITERATURE
Having provided an overview of the prominent vulnerability and resilience approaches in the climate change literature, we now turn to the scholarly WASH literature to examine the extent to which these three approaches are employed.
Methodology
This sub-section describes our methodology to locate and analyse scholarly WASH literature with a climate change 'water access', 'water supply', 'water supplies', 'drinking water', 'household water', 'domestic water', 'sanitation', 'hygiene', and 'WASH'. To these terms, we also added a custom-made search string containing over 100 country names and related terms to identify studies that focus on developing countries. Papers were initially screened by reviewing titles and abstracts for relevance. The contents of 59 papers were screened more in-depth using the delimitations described above, and 33 were selected to be included in this study.
Each of the 33 papers was reviewed to identify to which theoretical vulnerability or resilience approach they are These other bodies of literature are also influential on how the WASH sector understands vulnerability and resilience, but are expansive and deserving of their own separate reviews.
Summary of literature
In this sub-section we present brief summaries of the reviewed literature and their recommendations. Each is categorised as having a predominant orientation toward (i.e. generally aligning itself with) one of the three discussed vulnerability or resilience approaches, or as drawing on two or more of the approaches in a fairly balanced way. We found that 17 of the reviewed papers had a predominant outcome vulnerability orientation, five had a predominant contextual vulnerability orientation, two had a predominant resilience orientation, and nine evenly balanced two or more approaches. Notably, outcome vulnerability is represented in all of the nine balanced papers. 22 of the reviewed papers focused on water, one focused on sanitation, and ten considered both.
Literature with a predominant outcome vulnerability orientation
One of the most common focal points that the reviewed lit- Literature with a predominant contextual vulnerability orientation 
Literature balancing multiple approaches
Two of the reviewed studies provide discussions that blend all three approaches in a fairly even-handed manner.
Mukheibir ( A summary of our categorisations is shown in Table 3 .
DISCUSSION
In this section we first present our overall impression of the reviewed literature. We then follow with a discussion of the limitations and opportunities of working along different approaches within the WASH sector, and end with a discussion on how the process of working between different approaches may be navigated.
Limited conceptual awareness
The terms vulnerability and resilience were used frequently throughout the literature, but very few authors attempted to define or even characterise them. However, our study has found that the outcome vulnerability approach is implicitly drawn on most frequently. One explanation for this is that the WASH sector is reflecting the tendency of Politics are likely to factor into deciding which orientation to take. Social groups that rely on expensive water and sanitation infrastructure are more likely to advocate for an approach that manages climatic risks to technologies.
In some areas, politicians who want to improve embarrassingly low coverage figures may be less inclined to take an approach that invests in the distant future. Whether intentional or not, groups that usually are in powerful positions, like the wealthy and international donors, will have unbalanced influence on how the WASH sector should incorporate climate change vulnerability and resilience into its agenda.
The newly formed SDGs offer an opportunity to consider how different approaches can be balanced. SDG 6 compels the WASH sector to achieve universal and equi- 
